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DETAILED ACTION 



Claim Objections 

1 . Claims 1 0-1 5 are objected to because of the following informalities and/or 
defects: 

In claims 10 and 13, the terms of "said first and second trench" should read as: - 
-said first and second trenches--. 

Appropriate correction is required. 



Claim Rejections - 35 USC § 103 

2. The following is a quotation of 35 U.S.C. 1 03(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 1 02 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

Claims 10-15, as being best understood in view of the claim objections above, 
are rejected as being unpatentable over Lancaster (US 4,835,584) in view of Lee (US 
4,685,196) and/or Solomon (US 5,108,938). 

Lancaster discloses a semiconductor structure (Figs. 1-7F, especially Figs. 4, 5L, 
and/or 7F), comprising a substrate having an active region including a channel region 
(under each bottom of the gate oxide layer 57 in Figs. 4 and/or 5L or 72 in Fig. 7F) and 
a non-channel region surrounding the channel region; a first trench and a second trench 
disposed near the channel region, a thin insulating layer (57 in Figs. 4 and/or 5L or 72 in 
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Fig. 7F; a silicon oxide gate insulating layer, about 0.1 urn, see col. 3, line 61) over the 
first and second trenches and conformal to the profile of the first and second trenches; 
a gate electrode (58 in Fig. 5L or 75 in Fig. 7F) disposed over the two trenches and 
comprising a first vertical portion, a second vertical portion and a horizontal portion (see 
the interconnection portion in Figs. 4, 5G and 7B above the trenches that connects the 
two vertical portions of the gate in the neighboring trenches), with the first vertical 
portion being embedded inside and substantially fills the first trench, the second vertical 
portion being embedded inside and substantially fills the second trench, and the 
horizontal portion being disposed over the substrate and connecting the first and 
second vertical portions together; a first shallow doped region (the top horizontal portion 
of region 14, 73 or 77) within the substrate at an upper corner adjacent to the first 
vertical portion of the gate electrode and a second shallow doped region (the upper 
horizontal portion of region 14, 74 or 78) at an upper corner adjacent to the second 
vertical portion of the gate electrode; a deep source region (the lower portion of region 
14, 73 or 77) and a deep drain region (the lower portion of region 14, 74 or 78) disposed 
in a region in the substrate at a depth deeper than the first and second trenches. 

The insulating layer and the gate electrode in Lancaster can completely fill the 
trenches along the channel width direction (see Figs. 6 and 7). 

Although Lancaster does not expressly disclose that the insulating layer and the 
gate electrode can also completely fill the trenches along the channel length direction 
(i.e., the source-to-drain direction, which is perpendicular to the channel width direction), 
one of ordinary skilled in the art would readily recognize that such complete filling would 
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be desirable either for enhancing the gate conductance by maximally expanding the 
gate size along the source-to drain direction while still being insulated from the source 
and drain regions with the insulating layer, or for minimizing the device size along the 
source and drain direction by eliminating as many non-active spaces as possible along 
the source-to-drain direction, as evidenced in Lee (see the gate 24 and the insulating 
layer 22 in the cover page figure) or in Solomon (see the gate 57 and the insulating 
layer 61 in the cover page figure). 

Therefore, it would have been obvious to one of ordinary skill in the art at the 
time the invention was made to make the device of Lancaster with the gate and the 
insulating film completely filling the trenches along the source-to-drain direction, per the 
teachings of Lee and/or Solomon, so that a semiconductor structure with enhanced gate 
conductance and/or reduced device size would be obtained. 

Regarding claims 1 1 and 14, it is noted that it is art known that the insulating 
layer used as a gate oxide layer can be readily formed through thermal oxidation for 
achieving high quality in the gate insulating layer, as further evidenced in Lee (see col. 
3, lines 61-66). 

Response to Arguments 

3. Applicant's arguments filed on January 17, 2006 have been fully considered but 
they are not persuasive. It is noted that the applied prior art references do teach the 
claimed invention including the recited horizontal portion, as Lancaster expressly 
teaches to form a structure with multiplicity of trenched gates for gain advantage (see 
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col. 2, lines 49-55). In such a multiple-trench gate structure, the vertical gate portions 
inside the trenches have to be interconnected together with horizontal portion(s) above 
the level of the trenches, such as with the top horizontal portions of the interconnected 
gate electrode shown in Fig. 4, or the top horizontal portions of gate layer 58 in Fig. 5G, 
or the interconnection portion 74 in Fig. 7B, which later merged with vertical gate 
portions 73 to become interconnected gate electrode 75 in Figs. 7C-7F. Although such 
vertical gate portions and/or the horizontal interconnection portions may be trimmed 
along the channel length direction, as shown in Figs. 4, 5L and/or 7F, the remaining 
vertical gate portions in Lancaster naturally remain to be interconnected through the 
remaining horizontal portions along the channel width direction (especially see Figs. 4, 
5G and/or 7D); otherwise at least some of the vertical gate portions would be left to be 
unconnected so as to be electrically floating, which would cause the gate structure with 
the multiple trenched gate portions in Lancaster to be non-operative. 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Shouxiang Hu whose telephone number is 571-272- 
1654. The examiner can normally be reached on Monday through Thursday, 7:30 AM 
to 6:00 PM. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Eddie C. Lee can be reached on 571-272-1732. The fax phone number for 
the organization where this application or proceeding is assigned is 703-872-9306. 
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Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). 
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